Abstract. Household energy security, and in particular affordability of energy services and the energy poverty issue, is a debated topic both at the EU level and at the level of individual countries. The aim of the paper is to investigate the energy poverty diversity in the Central and Eastern European countries. The energy poverty index that aggregates three aspects: availability and affordability of energy services, as well as household energy efficiency, has been presented. This framework allows for comparison between countries and discloses the diversity of their energy poverty profiles. Analysis of energy poverty indicates diversification of level and dynamics of this phenomenon in the studied countries. Among countries of Central and Eastern Europe, there are both countries, where the problem of energy poverty is the highest, and the lowest in Europe. Almost all studied group is characterized by decreasing level of energy poverty in that particular period. Analysis of index components indicates diversification of energy poverty profiles. Important factor shaping the ability to acquire energy services was also the consequence of economic crisis, especially lowering the level of incomes and the increase of energy prices as a result of increasing tax burdens imposed on energy carriers.
Introduction
Energy markets in the EU countries are undergoing strong changes having two factors as their catalysts: technological progress and political decisions taken by the member countries and on the supranational level. The consequences of these processes are among others the introduction of market mechanisms to a strongly regulated sector, the reduction of access barriers to it and the increase of competition among entities operating on the energy markets, changes in the structure of energy supply resulting from the stricter environmental requirements. These changes have an influence on the functioning of households. On the one hand, they gained the possibility of active participation in the energy market, free choice of energy service suppliers or even participation in the market as prosumers. On the other hand, households have been put at higher risk due to the fluctuation of energy prices. Demand for energy is characterized by low price flexibility, and with the lack of substitutes or efficient possibilities to store energy, when the prices increase, expenses for energy services become a significant and difficult to control component of household budgets.
In this light, energy security of households must be considered in a wider sense, than only in the category of stability and continuity of energy supplies. It is especially important to pay attention to the ability of households to purchase energy services as well as to the problem of energy poverty. In the last decade these issues became the subject of interest, both by science and economic policy as well as for market regulators in the EU countries (Bouzarovski et al., 2012; Dagoumas and Kitsios, 2014; European Economic and Social Committee, 2010, 2013) .
The aim of the following report is to analyze the energy poverty in the selected EU countries. The report proposes the energy poverty index, considering accessibility to energy services, the ability of households to purchase energy services as well as the level of energy efficiency in households The analysis will be conducted for six countries of Central and Eastern Europe (Bulgaria, Czech Republic, Poland, Rumania Slovakia, Hungary) and the Baltic States (Lithuania, Latvia and Estonia). The subsequent parts of the report will present the definition of energy poverty and the methods of measuring it, together with the concept of energy poverty measure, which will be then estimated for an indicated group of countries.
The idea of energy poverty
Energy poverty is a phenomenon of the lack of access of households to modern and safe energy services provided in an undisturbed, safe and ecologically responsible way with the aim of providing economic development (Pachauri and Spreng, 2011) . Energy services were originally defined as access to energy and other sources of energy designed for the realization of elementary needs, mainly for the preparation of meals (International Energy Agency, 2002 , 2010 . Currently energy services are understood wider, as transforming the carriers of primary energy into the diversified streams of final energy provided to consumers: electric energy, heat, coolness, transport fuels. The types of energy services and the access to them for households can then differ depending on the level of economic development, accessible sources of energy or energy policy of a particular country, nevertheless the catalogue of The above presented definition of energy poverty shows the features that should characterize energy systems. The first is the necessity to apply an adequate technology, which ensures seamless, undisturbed access to energy services with prices that are not a significant access barrier for households. Simplifying this, we could say that energy technologies should be as cheap as possible in conditions accessible for a particular society.
In relation with the above, we can indicate the existence of dependence between the wealth of society and the forms and diversification of used sources of energy (González-Eguino, 2015) . Generally, wealthier countries are characterized by more diversified energy baskets, whereas the poorer countries have relatively small number of available energy sources, with a significant predominance of solid fuels (including biomass). At the same time, the increase in wealth of households results in replacing solid fuels by cleaner sources of energy. This dependency indicates abandoning cheaper and worse quality fuels (wood, wastes, kerosene) and choosing more efficient, modern sources of energy (electric power, liquid fuels) together with the increase in the wealth of households (Van der Kroon et al., 2013; Cook et al., 2005) . The factor conditioning the choice of energy technologies is also the minimalization of the negative influence on the natural environment -intensive transformation of the natural environment for the needs of energy production, dedication of agricultural land for energy aims and the emission of greenhouse gasses.
Finally, the definition of energy poverty refers to the aim of providing access to energy services, which is an economic development. We should indicate at the same time, that this development is not understood only as reaching a suitable level of income (or in this case the size of energy consumption per capita). Nowadays the access to energy services is conditioned by meeting both the lower and the higher orders. Thereby the lack of access to suitable energy services leads not only to the deprivation in the scope of elementary needs of existence (such as: no possibility to keep the right temperature at home, to heat the water etc.), but also the elements necessary for self-development, such as: education, communication, participation in social life.
Reasons for the existence of energy poverty phenomenon can be twofold. Firstly, energy poverty can be the result of the physical lack of energy availability. Secondly, the impossibility to realize elementary energy needs can be caused by relatively high prices of energy services, which create economic barriers to access to them. The first mentioned reason relates to a greater extent to the countries with a lower level of development, whereas the problems with economic availability of energy can be also observed in highly developed countries. In order to underline the dissimilarity of the problem -physical access to energy services in developing countries and economic access to energy services in developed countries -while studying the second group, the term of fuel poverty will be applied simultaneously (Boardman, 2012; Clinch, 2002, 2004; Karpenko et al., 2018; Li et al., 2014; Moore, 2012; Tvaronavičienė, 2016) .
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Methodology of the study. Measures of energy poverty
Economic availability of energy is directly influenced by the factors that can be classified into three groups: price factors, income factors and factors conditioning the level of energy consumption in households. Among the price factors, besides 1) the level of prices for energy carriers and 2) diversification of tariffs for using energy, the significant factors are also 3) fiscal and environmental policies of the state, which decide on the rate of taxes and fees imposed on energy and 4) the scope of regulation of energy prices. The factors, which influence the burden of household budgets with energy costs are also 5) the types of used fuels and 6) the possibility to substitute them in order to lower the fuel costs.
The second group constitutes the income factors, the most important of which are as follows: 1) the sources and the amount of income obtained by households and 2) the amount of social transfers connected with the use of energy. The third group should include the factors determining the level of energy consumption and energy efficiency of households. Among the most important here are: 1) the type and energy consumption of the devices, which are used in households, 2) energy efficiency of the inhabited buildings and 3) customs and consumption patterns.
Among the factors indirectly influencing the level of energy poverty we should mention above all: 1) the size and the structure of a household that shape the specific energy needs of the household, 2) the legal right to the occupied property, conditioning the scope of decisions taken with the aim of improving energy efficiency and 3) the level of liberalization of energy market, influencing the diversification of energy offer and the possibility of active management for energy demand by the households.
Large quantity of factors shaping the level of energy poverty allows for the classification of households experiencing limited accessibility to energy services. In the first group of households the energy poverty is connected with the income poverty. Limitations of access to a wide range of energy services and high contribution of expenses on energy in the household budget are in this case the result of a low level of the obtained income. At the same time, it is worth noticing, that not every household with relatively low incomes will be immediately energy poor. High level of energy efficiency of such a household can simply counter negative influence of the income factors.
The second group made up of the households, which are not poor in the category of obtained income, nevertheless they experience energy poverty. The reason for such condition can be a high level of energy price, low level of energy efficiency of these households or the existence of both these factors at the same time.
Presently, both the social sciences and the economic practice, have not yet elaborated comprehensive and universal factor that will enable monitoring and international comparison of energy poverty level. Energy poverty is measured with the use of three alternative, supplemental methods. The first method underlines the necessity to provide access to www.virtual-economics.eu modern energy services. Energy poverty is measured here by the percentage of population without the access to electricity and using the most traditional sources of energy (wood, biomass, charcoal) to prepare meals. This concept was complemented by widening the scope of measured energy services by the use of household goods and services serving education, entertainment and communication. The above described indicators show the access of households to energy sources, but do not reflect costs connected with the consumption of energy and their energy efficiency.
The level of energy poverty can be also determined in relation to the minimal amount of energy that is necessary for meeting the elementary needs of the poorest households and the types of fuels used by these households. This way of measuring enables for a greater documentation of household diversity and consideration of the specificity of the examined community.
Finally, the level of fuel poverty can be measured by the level of expenses incurred by the households on energy services. It is assumed then, that the energy poor households are those that spend 10-15% of all incomes on energy services.
In international, comparative studies of energy poverty, the most commonly used estimation is, due to the lack of other measures, the answer to the question concerning the existence of difficulties in maintaining the adequate level of heat in the place of living, which is given to the household owners in the scope of study about conditions of life of EU-SILC citizens conducted by Eurostat. It seems, though, that for the needs of international comparisons, these estimations should be supplemented by at least data reflecting differences in burdens, which represent expenses for electricity and heat in household budgets. Due to this fact, in the following parts of this report, energy poverty is measured by the index that includes availability of energy services and the capability of households to purchase them, as well as the energy efficiency of the studied entities (Fig. 1) . Merit of the index constitutes the sum of partial measurement (availability of energy services, capability to purchase energy services, energy efficiency), which were given equal weight (33.33%). The measurement is conducted with the use of data concerning: difficulties in maintaining adequate level of heat in the place of living, existing delays in housing payments, percentage of costs of housing maintenance in household budgets, consumption of energy in households and energy efficiency of buildings (measured by the percentage of population inhabiting places with leaking roofs, wet walls, floors and fundaments or not tight windows).
Energy poverty can be examined on a macro-, meso-, and microeconomic scale depending on the aim of the analyses and the level of aggregation of available data (Table 1) . International comparisons of countries belonging to the EU are possible thanks to data collected by Eurostat and IEA (International Energy Agency). A significant source of information is the research on living conditions (EU-SILC). However, this data cannot be compared in a direct way. This is mainly due to the diversification of countries in terms of factors determining the level of energy poverty, including: structure of households and their budgets, energy and fiscal policy tools, sources of energy used in households, prices of energy, profile of housing substance www.virtual-economics.eu (including the structure of ownership). Additionally, the available data is both quantitative and qualitative.
Figure 1. Construction of energy poverty index
Source: own research. Due to the above mentioned, the accepted study proceeding is the analysis of the distance to the countries with the highest level of such indicator. This method is used in international comparative studies, among others as a tool to evaluate regulatory practices. In the case of energy poverty, the highest observed level of the indicator relatively specifies the highest level of this phenomenon. In the construction of the index, this means 100. The results for other countries are calculated in relation to the country that was characterized by the highest level of the observed phenomena. This enables for a more precise plotting of the relative position of the countries than ranking. The index values below 100 obtained by a certain country means, that this country did not reach the highest point values in all studied criteria. Referential values for each of the studied variables were calculated with the consideration of all member countries of the EU.
Time range of the analysis covers the years 2007-2016, and the study was conducted for the Central and Eastern European countries as well as the Baltics, for which the EU-SILC data is available. The scope of this analysis is conditioned by the availability and completeness of the data.
Analysis of energy poverty in selected EU countries
In the studied group of countries (with the exception of Lithuania) it was possible to observe the improvement of the situation in the scope of energy poverty (Table 2) , though against all the EU countries, there are the economies, where the problem of energy poverty is particularly significant, which is indicated by the position in the ranking in all studied timespan. Exceptions are Slovakia, Czech Republic and Estonia, where the level of energy poverty is the lowest. Among the studied countries, the highest level of energy poverty in all the timespan can be observed in Bulgaria, which records the highest level of energy poverty in all EU. 
Changes in the scope of energy services availability
The biggest difficulties in providing access to energy services existed in three countries: Bulgaria, Poland and Lithuania (Table 3, Fig. 2) . Bulgaria is the country, where the highest percentage of population unable to maintain the right temperature of houses was recorded. This percentage in the studied period decreased significantly (from 67.4% in 2007 to 39.2 in 2016), however it still remained the highest both in the studied group of countries, and in the EU-28.
In the case of Poland the value of the indicator reflecting the availability of energy services results from a high contribution of solid fuels in the consumption of final energy. The data indicate specifically shaped structure of energy sources used in households, where the contribution of solid fuels reaches 34%, which is a tenfold of the average of EU-28, which amounts to 3.4%. For comparison, in Ireland and the Czech Republic, which are the next when it comes to the consumption of solid fuels, this indicator in 2016 stood at 14.7% and 12.5% respectively.
The level of consumption of hard coal by Polish households results from the widespread use of solid fuels for heating purposes. Almost half of all domestic households, that is 49.2%, use heating installations (to heat rooms) which use solid fuels, among which the most common fuels were hard coal and fuelwood. In cities, solid fuels are used by one third of households (28%), and in the country by almost all households (92.8%). Coal and wood were usually used simultaneously or alternatively in the same installations. Reversible boilers used by 47.7% and single-purpose boilers used by 29.3% of households were heated by solid fuels and almost all households (97% and 93.3% respectively) used them as basic installations. Moreover, 15.3% of households used the most traditional heating installations, such as stoves in rooms (mainly tiled stoves), and the further 7% of households using solid fuels used fire places, mostly with closed input. These installations provided the fundamental source of heating rooms in 83.3% and 19.7% of households, respectively. Such shaped structure of using fuels results from the structure of prices for energy carriers for the households, where hard coal remains the cheapest fuel.
Decreasing availability of energy services in Lithuania also deserves our attention, In the case of this country, percentage of population declaring difficulties with maintaining the right temperature at homes increased over twofold in the studied period (from 33.2% in 2007 to 74.7% in 2016) . What is interesting, between 2010 and 2013, in the period of the greatest growth of the indicator, the consumption of solid fuels in households in Lithuania also increased. The percentage of solid fuels in the total consumption of energy till 2009 was at the level of 3.3%, in 2010 it increased to 4.4%, and in 2013 it amounted to 5.1%. This phenomenon is in accordance with the previously presented concept, according to which households experiencing difficulties with access to energy services (here: heating) use solid fuels to a larger extent. 
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Changes in the ability to acquire energy services
In the accepted methodology, the ability of households to acquire energy services (Table 4) is shaped by two variables: percentage of the households getting behind with the on-time payments for using homes and percentage of households, for which the payments for using homes are high. Source: own research on the basis of Eurostat data (Eurostat Energy Statistics and EU-SILC).
The adoption of the criterion of ability to acquire energy services enables for a distinction of two groups of countries. The first group constitutes the countries, where the limitations in the ability to acquire energy services were on the increase between 2008 and 2011, and later decreased significantly (Fig. 3) . This group of countries reported relatively quick increase in energy prices in the period of crisis. It is worth emphasizing, that the level of energy prices is influenced by the market factors, fiscal and regulatory policies of the country, and in the countries belonging to the studied subgroup the additional burdens in the scope of taxes from energy were introduced to respond to the crisis. These changes include in particular: excise duty imposed on electricity, energy carriers (oil, natural gas, coal) and transport fuels (petrol, diesel) as well as taxes connected with the emission of CO2. The second group of countries constitutes the economies, where limitations in the ability to acquire energy services successively decrease (Fig. 4) . This is the result of relatively stable energy prices (which increase in the case of Poland is additionally regulated by the state) and the increase of income levels of households. 
Changes in the energy efficiency of households
According to the adopted method of measurement, changes in the energy efficiency of households are shaped by two factors: consumption of energy in households and level of energy efficiency of buildings inhabited by these households. The level of energy consumption is influenced by changing consumption patterns and changes in the household equipment for modern appliances, the use of which requires access to different forms of energy, whereas the biggest changes take place in the use of electricity. The referential country during all studied period was Luxembourg, where the consumption of energy in households was the highest. In the studied group of countries relatively higher level of energy consumption (Fig.  5 ) was recorded in five countries (Estonia, Latvia, the Czech Republic, Poland and Hungary).
The second indicator (energy efficiency of buildings) enables to observe changes in energy efficiency resulting from the improvement in the state of buildings inhabited by the studied households. During the studied period this indicator was decreasing successively in all countries, except Hungary, where according to EU-SILC data, the level of this indicator increased from 19.2% to 26.7%. Hungary is therefore a country, where the shaping of energy efficiency in households (Table 5) Source: own research on the basis of Eurostat data (Eurostat Energy Statistics and EU-SILC).
Overview
The analysis of energy poverty indicates diversification of level and dynamics of this phenomenon in the studied countries. Among the countries of Central and Eastern Europe, there are both the countries, where the problem of energy poverty is the highest (Bulgaria), and the lowest in Europe (Slovakia). Nevertheless, almost the whole studied group is characterized by decreasing level of energy poverty during that particular period. The analysis of the index components indicates diversification of energy poverty profiles. Some countries experienced difficulties in the scope of two criteria: either the accessibility and affordability of energy services (Bulgaria) or the accessibility of energy services and energy efficiency (Latvia and Hungary). Other countries were characterized by high indicators only in one of the studied areas (Poland -accessibility of services, Romania -energy services affordability, Estonia -energy efficiency). Important factor shaping the ability to acquire energy services was also the consequence of economic crisis, especially lowering the level of incomes and the increase of energy prices as a result of increasing tax burdens imposed on energy carriers.
Conclusions and recommendations
The aim of the conducted study was an analysis of the level and the reason for energy poverty in selected EU member countries. Results indicate, that the Central and Eastern European countries report relatively high level of energy poverty. The presented diversification of the countries indicates, that it is not possible to implement uniform programs counteracting energy poverty on the EU level. These activities should remain the domain of member countries and should be conducted on the national level.
Instruments of the state policy aimed at fighting the energy poverty should include diversification of households' profiles experiencing this problem. Identification of the main reasons for the creation of energy poverty is important for the creation of solutions that will reduce the scale and the scope of this phenomenon. In the case of households that are poor in the income and energy category, the reduction of economic poverty is the necessary condition of reducing the energy poverty. However, if the energy poverty affects the households with average incomes, nonetheless constituting sensitive groups, the role, character, scope and efficiency of the state impact changes.
Because of the factors shaping energy poverty, we can distinguish three directions of actions that enable the reduction in the scope of this phenomenon: direct financial support of households, shaping the system of energy tariffs, which enables for the reduction of expenses on energy services as well as instruments supporting the improvement of energy efficiency in households. What is important, among the indicated actions, only the improvement in energy efficiency allows to counteract the phenomenon of energy poverty in the longer run. Other actions are only interim actions, because they do not lead to the elimination of the reasons for the phenomenon. It should be also underlined, that the used instruments should have a selective character. Their correct addressing requires more precise studies conducted on a microeconomic level.
As it was already mentioned, diversification of the countries makes it impossible to conduct policy that would prevent energy poverty on the EU level. At the same time, however, it is worth starting a discussion about the costs of transforming energy systems. Important is the fact, that the costs of this process do not deepen the phenomenon of energy poverty and do not worsen the situation of the most sensitive groups of households.
When discussing further research on energy poverty on international level there is a need for common definition. The present lack of such agreement means that there are no official figures about the extent of energy poverty, and it estimates the range in dependence on the
